Transfer RNA molecules vary in chain length and contain modified nucleotides which are not easily identified by usual sequencing techniques. Hence, a quick and accurate molecular mass determination of intact or purposely fragmented tRNA molecules could be of great interest. Matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF-MS) provides a method for a quick and accurate mass determination even of biological macromolecules. Since its introduction by Karas and Hillenkamp in 1988 (1) it has been applied to a wide variety of biopolymers, including both DNA and RNA. As compared to protein analysis, MALDI-MS of nucleic acids is complicated by both their cation affinity and their tendency to fragment upon desorption. Either of these features pose limitations on the mass resolution achievable and the accessible mass range. These problems have been addressed by choosing a suitable instrument configuration and sample preparation procedure and an improved mass resolution above values previously obtained on TOF instruments for tRNA (2-4) has been achieved. tRNA T y r and tRNA Ser were prepared from bulk brewer's yeast tRNA, enriched in tyrosine and serine isoacceptors, kindly supplied by Professor G. Dirheimer (Strasbourg, France). tRNA T 5' r was purified by repeated chromatography of tyrosylated and detyrosylated tRNA on a benzoylated DEAE-cellulose column according to the method of Maxwell et al. (5) . Pure tRNA T y accepted at least 1.4 nmol tyrosine/A260 nm unit, determined in an aminoacylation assay as described elsewhere (6) .
In order to isolate tRNA Ser isoacceptors, the tRNA was serylated using seryl-tRNA synthetase from a Saccharomyces cerevisiae overproducing strain (7), derivatized by naphtoxyacetylation (8) and subjected to chromatography on a benzoylated DEAE-cellulose column (9) . Pure tRNA 561 ' accepted at least 1.2 nmol serine/A260 nm unit of tRNA. Aminoacylation assays were performed as described elsewhere (7) .
To suppress peak broadening by cation adduct formation, both tRNAs were treated with cation exchange beads (Bio Rad AG 50W X8, mesh size 100-200 urn) previously loaded with ammonium in a saturated solution of ammonium acetate. In order to achieve a better exchange level, NH4 + -loaded beads were added to tRNA aliquots previously denatured for 2 min at 55 °C and cooled instantaneously on ice. After an overnight incubation with beads at 4°C, the tRNA solution was recovered and the denaturation and ion exchange steps were repeated twice.
In addition to monovalent cations tRNA preparations usually contain tightly bound Mg 2+ ions wich can be removed by a chelating resin (10) . After the exchange of monovalent cations as described above, tRNA was denatured again and an aqueous solution of frans-l,2-diaminocyclohexane-/VjV^V'^V'-tetraacetic acid (CDTA; Aldrich) (pH 8.0) was added to suppress divalent cation adducts, as described previously for electrospray mass spectrometry (ESI-MS) (11) . Molar ratios of tRNA to CDTA were 1:3 and 1:4.
3-hydroxy-picolinic acid (3-HPA; Aldrich) and a mixture of 2,4,6-trihydroxy-acetophenone (THAP; Aldrich), 2,3,4-THAP (Aldrich) and diammonium citrate (DAC; Sigma) were used as matrices. 3-HPA was dissolved in ultra pure water to a concentration of 0.35 M and incubated with NH4 + -loaded cation exchange beads. The THAP mixture was prepared similar to the description by Zhu et al. (12) to yield a final concentration of 0.1 M 2,4,6-THAP, 0.05 M 2,3,4-THAP and 0.075 M DAC in 3:5 (v/v) acetonitrile/water. 3 -HPA solutions were stored at 4 ° C for several days, while a fresh THAP mixture was prepared every day. All chemicals were used as purchased without further purification.
Aliquots of 1.5 (0, 1 of matrix and 0.5 ul of analyte solution were mixed on a stainless steel target and dried in a stream of cold air. to the preparation and removed after drying (3, 13) . The amount of tRNA per sample was 4-15 pmol.
Mass spectra were acquired on a modified Vision 2000 (ThermoBioAnalysis, Hemel Hempstead, UK) time-of-flight mass spectrometer (positive ions; reflectron mode: acceleration potential 10 kV, linear mode 20 kV; Nd:YAG-laser, 355 nm, 5 ns; eq. flight path length in reflectron mode: 1.7 m, in linear mode: 1.95 m; base pressure lO^4 Pa; secondary electron multiplier with conversion dynode). In the linear mode, delayed ion extraction was used. The potential at the extraction element was switched from 20.6 to 17.4 kV with a time delay of 300-400 ns relative to the laser pulse.
Typically, the sum of 5-10 single shot spectra was found to yield a satisfying signal-to-noise ratio.
Preliminary experiments showed that a substantial improvement in mass resolution could be achieved by removing monovalent and divalent cations with exchange beads and CDTA, respectively. Adding beads alone improved the mass resolution by a factor of 2-3 while the improvement by adding CDTA was less pronounced, as was the difference between the different CDTA concentrations used.
Spectra taken in the reflectron mode with 3-HPA generally showed a mass resolution lower by a factor of 2 as compared to the data shown. In the linear mode, 3-HPA was not a suitable matrix in authors' hands because of adduct formation (data not shown). The use of THAP as a matrix for measurements in the reflectron mode did not yield satisfactory results because of a high degree of metastable decay, as indicated by a tailing to the low mass side of the molecular ion peak (data not shown), while it was clearly superior in the linear mode operation. Compared to the 3-HPA preparation a sample of higher homogeneity was obtained, allowing to find a suitable 'hot spot' much easier.
The results shown in Figures 1 and 2 were obtained with the THAP mixture as a matrix and the instrument operated in the linear mode with delayed ion extraction.
For tRNA T y r the observed mass resolution (full width of peak at half height) was m/dm = 220, while for tRNA Ser only a mass resolution of m/dm = 170 was achieved. The molecular masses were determined by external calibration to (25 325 ± 24) Da for tRNA T y and (27 634 ± 50) Da for tRNA
Ser .
There is only one tRNA T >"" isoacceptor in yeast (78 nt). Its sequence on the RNA level is known (14) and its calculated molecular mass is 25 348 Da. Of the five yeast tRNA Ser isoacceptors known, only three have been sequenced on the RNA level (14) . Their calculated molecular masses are 27 622,27 639 and 27 672 Da, respectively, and they all contain 85 nt. This indicates an accuracy and precision of mass determination of 10~3 for tRNA T >"" and <2 x 10" 3 for tRNA Scr . The structural heterogeneity expected in the tRNA Ser sample because of the possible presence of different tRNA isoacceptors, could account for the lower mass resolution of the latter. A calculation assuming a mass resolution of 220 for each of the three known isoacceptors in an equimolar mixture yields a mass resolution of 180, in reasonable agreement with the result obtained.
An even higher mass resolution in excess of 2000 was achieved on a 73 nt RNA in vitro transcript by MALDI-MS using a different detection system (15) . Comparable mass resolution was observed in analysis of tRNA molecules by ESI-MS (11), but the achieved mass accuracy was 2 orders of magnitude better (10~5). The sensitivity, however, was lower, since the consumption of the sample was -40 x 10~1 2 mol, 4-10 times higher than in our experiment.
The data presented in this contribution demonstrate the potential of MALDI time-of-flight mass spectrometry in conjunction with suitably chosen sample purification protocols to obtain high quality data of higher mass nucleic acids isolated from biological material.
